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Abstract

The cutting-edge radius plays a crucial role in precision machining. An optimally matched radius to the uncut chip thickness
can significantly extend tool life. When the uncut chip thickness varies along the cutting edge, preparing the edge with
individual radii at different positions is ideal. A novel non-uniform edge preparation approach based on magnetorheological
finishing is proposed in this paper. The flexible abrasive tool formed by the magnetorheological effect is presented to prepare
a controllable removal and low-damage cutting edge. In this study, the edge preparation device is designed and built, and the
structure of the grinding basin is optimized. The magnetic induction intensity distribution in the grinding basin under the
action of the external magnetic field is studied. Considering the influence of the magnetic induction intensity, the viscosity
change rule of the magnetorheological fluid under different magnetic field intensities is discussed, and a flow field simulation
model with variable viscosity is developed. Based on simulation and experiment, the cutting-edge material removal rate is
analyzed, and the Preston coefficient is calculated. The results show that magnetorheological preparation can achieve non-
uniform directional quantitative removal of edge materials. This study provides a new approach for preparing non-uniform
tool edges, which has a positive significance in producing high-performance tools.

Keywords Precision machining - Cutting-edge preparation - Magnetorheological finishing - Non-uniform edge

1 Introduction

Edge radius is an important parameter used to describe
the appearance of the tool edge. It affects cutting force,
temperature, machining quality, and tool life [1-4]. Zhao
et al. [5] found that the cutting-edge radius affects the
surface roughness of AISI52100 steel in hard turning, and an
edge radius of 30 pm showed better performance in terms of
surface roughness. Hariprasad et al. [6] investigated the edge
radius effect on end milling of TiAl6V4 under minimum
quantity cooling lubrication conditions, and it was found that
there is an optimal edge radius of around 48 pm for better
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machining results. Jiang et al. [7] optimized the geometric
parameters of the cutting edge for the finishing machining of
30Cr alloy steel and concluded that the optimal cutting-edge
radius is 14 pm. An et al. [8] conducted orthogonal cutting
experiments using T700/LTO3A UD-CFRP laminates, and
the results showed that a cutting-edge radius of 15 pm helps
obtain smaller cutting forces. It can be seen that the optimal
cutting-edge radius is variable and it needs to be designed
to match the machining conditions.

Cutting-edge preparation effectively changes the edge
radius and turns the edge design scheme into a physical
object. Scholars have researched tool edge preparation
methods and techniques and developed various preparation
processes [9—12]. Krebs et al. [13] demonstrated the
feasibility of using wet abrasive jet machining to prepare
micro milling tools and concluded that it significantly
improves the edge performance. Wang et al. [14] studied
the influence of cutting edges produced by pressurized air
wet abrasive jet machining on cutting performance during
orthogonal machining of AISI 4140, and proved that the
pressurized air wet abrasive jet machining could prepare
cutting edges of different shapes and sizes. Tiffe et al. [15]
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presented an approach to predict optimal cutting-edge micro-
shapes in machining the nickel-base alloy Inconel 718. The
cutting edges are prepared by pressurized air wet abrasive
jet machining. Denkena et al. [16] concluded that the size
of the cutting-edge radius could be adapted via the 5-axis
brushing process. Malkorra et al. [17] macroscopically
simulated the abrasive flow process of parts in drag finishing
and concluded that the finishing efficiency is the highest
when the included angle between parts and abrasives is 30°
to 60°. Lv et al. [18] prepared cemented carbide end mills
by drag finishing using four abrasives and concluded that the
abrasive HSO 1/100 could produce high-quality edges with
a maximum cutting-edge radius of 15 pm. Karpuschewski
et al. [19] studied the influence of magneto-abrasive
machining on the microgeometry of the cutting edges and
showed that MAM could reproduce the defined radius of the
cutting edges and improve the tool surface quality.
In-depth studies have shown a coupling between uncut
chip thickness and tool edge radius, which can be used
as a basis for tool edge optimization design. The cutting
efficiency decreases significantly when the uncut chip
thickness is less than twice the edge radius [20]. When the
uncut chip thickness is less than 25% of the edge radius,
no chip is formed in Ti6Al4V orthogonal cutting [21].
Therefore, there is an optimal ratio between the uncut chip
thickness and the cutting-edge radius during machining.
Finding the optimal ratio is the key to guiding the tool edge’s
design. However, the uncut chip thickness varies along the
cutting edge in some machining processes. The thickness of
the uncut chip gradually decreases in the vertical direction
during the turning process [22]. During micro-end milling,
the uncut chip thickness distribution is also not uniform [23].
The non-uniform distribution of undeformed chips along
the cutting edge is particularly significant in hard whirling.
When the uncut chip thickness is not uniformly distributed,
the cutting-edge radius should vary with the uncut chip
thickness to obtain the best cutting effect. Yussefian et al.
[24] manufactured variable microgeometry (VMG) cutting
tools in which the edge microgeometry varies along the edge
line with respect to specific variables (such as machining
parameters or expected tool wear) and showed that VMG
tools improve significantly in terms of tool life and machined
surface quality relative to conventional tools. Ozel [25]
presented experimental and FE modeling investigations of
3D turning using PcBN inserts and concluded that variable
microgeometry insert edge designs significantly reduce
heat generation and stress concentration along the cutting
edge, contributing to improved tool life. Karpat et al. [26]
performed cutting experiments and 3D finite element
analysis to compare uniform and variable edge preparations.
The results revealed that the variable edge preparation inserts
perform better than uniform edge preparation counterparts if
the variable edge is properly designed for the given cutting
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conditions. But, the cutting edge prepared by abrasive jet
machining, drag finishing, and magneto-abrasive machining
is uniform. Brushing can prepare non-uniform edges, and the
manufacturing process is complicated.

This paper proposes a new approach based on magnetor-
heological finishing to prepare non-uniform cutting edges to
meet the challenge of variable edge preparation. The magne-
torheological preparation device is designed and built, and
the structure of the grinding basin is optimized. After adding
the rotating tool, a fluid model with variable viscosity is
established to simulate the flow field in the grinding basin.
The material removal efficiency and spatial distribution law
of the edge radius are studied by analyzing the simulation
and experimental results.

2 Magnetorheological preparation
for cutting edge

2.1 Mechanism of magnetorheological preparation

Magnetorheological fluid (MR fluid) exhibits high viscosity
and low fluidity with an applied magnetic field. The high-
hardness abrasive particles are mixed into the MR fluid,
and the Bingham fluid with cutting ability is formed under
the action of the magnetic field. This high-viscosity fluid
mixed with abrasive particles is identical to a flexible
abrasive tool, which can be used to prepare cutting edges.
As shown in Fig. 1, the cutting edge is placed horizontally
in the magnetorheological preparation fluid. The abrasive
particles are evenly distributed in the magnetorheological
fluid without an external magnetic field. When a magnetic
field is applied, the magnetic particles form a chain
structure, and the abrasive particles gather on the surface
of the magnetic particles to become a flexible abrasive tool.
Through the forced flow of the MR fluid and the relative
rotation of the tool, the grinding head produces a tangential
cutting effect on the tool edge surface to remove the edge
material. Due to the various relative velocities and pressures
at different points on the tool edge, the material removal
rate also varies. Therefore, it is theoretically possible to
prepare a non-uniform edge using the magnetorheological
preparation method shown in the figure, but the efficiency
and distribution law of the edge material removal need to be
further investigated.

2.2 Magnetorheological device for cutting-edge
preparation

2.2.1 Overall design of the preparation device

To confirm the feasibility of magnetorheological prepara-
tion for cutting edges and reveal its material removal law,
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a preparation device is designed in this study. The device
consists of a tool clamping and driving part, a magnetorheo-
logical fluid circulation system, a magnetic field generation
module, and a support structure. As shown in Fig. 2, the
tool is installed at the end of the cutter bar, and the assembly
of the rod and the shaft sleeve is connected with the motor

output shaft at the upper end employing a plum blossom cou-
pling. The controller can adjust the stepper motor speed and
drive the tool to rotate at a rate of 0—6 r/s. Loosen the screw,
and the rotating plate can be rotated along the U-shaped
holes to adjust the installation angle of the tool. The support
plate can be moved up or down along the adjustment holes
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Fig.2 Magnetorheological preparation device for cutting edge
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to set the tool’s immersion depth. The grinding basin holds
the MR fluid; its outlet and inlet are connected with the
hydraulic pump through hoses. An electromagnet XDW/140
provides the applied magnetic field under the basin. The
magnetic induction intensity can be adjusted by changing
the parameters of the DC power supply.

2.2.2 Structure optimization of the grinding basin

The grinding basin’s shape will affect the MR fluid’s flow
characteristics and then affect the removal rate and distribu-
tion. To select the appropriate container shape, this paper
simulates the flow field of the MR fluid in a square con-
tainer with a fillet (SR), round container (R-type), and square
container (S-type) using Fluent software. The speed inlet is
set, the inlet speed is 10 m/s, the pressure outlet is set, the
outlet pressure is 0 Pa, and the flow model is k-epsilon. The
simulation results are shown in Fig. 3. The three kinds of
containers have high flow velocities at the outlet and inlet.
The high-speed area at the outlet of SR and S-type contain-
ers is small, while the high-speed area at the outlet of R-type is
large, and the high-speed area is connected with the inlet. The
low-speed area of the S-type is large, and the inlet and outlet are

Fig.3 Flow field analysis of
containers with different shapes
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separated, so the flow is insufficient. The zone with a low flow
rate in the R-type is in the center, and the distribution range is
the smallest. The overall flow rate is distributed radially, and
the distribution level is obvious, conducive to the exchange of
magnetorheological fluid, and the uniformity of the magnetor-
heological fluid in the preparation area is ensured.

According to the above analysis, the flow characteris-
tics of a round container are better than those of the other
two forms. Therefore, the round shape is selected as the
shape of the grinding basin in this paper. On this basis, the
inlet and outlet distribution is also studied. Three opening
modes are chosen: the same side and same height opening
(SS), the different side and same height opening (DS), and
the different side and different height opening (DD). The
simulation setting is the same as above, and the simulation
results are shown in Fig. 4. The flow velocity gradually
increases from the inside out, with a concentric distribu-
tion and low-velocity zone near the wall. When opening
on different sides and heights, the zone of low flow rate
(0-0.71 m/s) is the smallest, and the area of MR fluid with
a high flow rate is the largest, with a small flow dead zone.
Therefore, the grinding basin adopts a round shape and
opens on different sides at different heights.
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2.3 Material removal rate

The material removal effect of magnetorheological prepa-
ration can be expressed by the Preston equation as follows:

R=KPVT (1)

where P is the pressure of the flexible grinding head on the
workpiece surface, V is the relative velocity between the
magnetorheological fluid and the workpiece surface, T is
the preparation time, and K is the Preston coefficient related
to the magnetorheological fluid and workpiece materials.

P=P,+P, )

where P, is the hydrodynamic pressure and P, is the mag-
netization pressure of the magnetorheological fluid.

H
0

where y is vacuum permeability, M, is magnetization, and
H is magnetic field intensity.

Relative to P, the value of P,, is too small [27], so we
can use the following formula to express the removal effect
of magnetorheological preparation.

R =KP,VT 4

When the magnetorheological fluid is unchanged and
the preparation time is the same, the removal rate of the
cutting-edge material is determined by the hydrodynamic
pressure and the velocity. Flow field simulation can obtain
these two values, and the relative material removal rate can
be calculated.

The fluid viscosity is no longer uniform with the applied
magnetic field due to the different magnetic field intensities
at various points in the grinding basin. Assigning the same
viscosity value to the fluid used for the simulation would
be inappropriate. This paper first simulates the magnetic
field to obtain the intensity distribution to establish an
accurate viscosity distribution model. Then, the viscosity

of the magnetorheological fluid under different magnetic
field intensities is measured.

2.3.1 Electromagnetic field simulation

The viscosity of magnetorheological fluids varies with the
magnetic induction intensity. The magnetic field generated
by the circular DC electromagnet is consistent with the
shape of the container, and the magnetic field strength of
the electromagnet can be changed by adjusting the cur-
rent. Therefore, this paper uses the circular electromagnet
as the magnetic field generator. The current excitation is
selected, and the total ampere-turn is 7750 N-A. The cir-
cular surface with a diameter of 200 mm is set as the insu-
lation boundary condition, and the material is a vacuum.
Table 1 shows the shape parameters of the electromagnet,
and Table 2 shows the material parameters of the electro-
magnet. The Maxwell software is employed to simulate
the magnetic field of the electromagnet.

2.3.2 Viscosity of the magnetorheological fluid

A TD8620 digital Gauss meter and viscometer were
used to measure the viscosity of the magnetorheological
preparation fluid under different magnetic field intensities.
The container containing the magnetorheological fluid
is placed over the electromagnet. Part of the rotor is
submerged in the MR fluid, and the distance between
the middle position of the submerged part and the
magnet surface is k. The current of the DC power
supply connected to the electromagnet is adjusted, the
magnetic field strength in the center of the electromagnet
is changed, and the magnetic induction intensity at the
position 4 is measured at this time using the Gauss
meter. Under a constant shear strain rate, the viscosity
of the magnetorheological fluid under different magnetic
field intensities can be obtained by a viscometer. The
experimental parameters are shown in Table 3.

Table 2 Electromagnet material parameters

Coil material Pole material Iron core material
Table 1 Shape parameters of the electromagnet
5 5 B Copper Q235 steel-1008

Coil Coil Outer Inner Inner Pole height
inner outer diameter diameter pole head (mm)
diameter diameter ofouter of outer  diameter
(mm) (mm) polar polar (mm) Table 3 Experimental data of viscosity measurement

head head

(mm) (mm) Viscometer model Shear rate (s-1) Rotor
35 60 120 90 35 60 NDJ-1 200 4
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3 Results and discussion
3.1 Simulation of the magnetic induction intensity

Using the electromagnet model parameters listed in Table 1
and Table 2, the magnetic induction intensity in the area
of the grinding basin was simulated. Considering the influ-
ence of the magnetic induction intensity on the viscosity of
the magnetorheological fluid and simplifying the problem,
the magnetic field of the entire magnetorheological fluid
is divided into five layers in the vertical direction. Start-
ing from the inner side of the container bottom, each 3-mm
thickness is divided into a layer. Figure 5 shows the magnetic
induction intensity curves at the lower surface of each layer.

The magnetic field intensities of these surfaces have
a substantially symmetrical “M”-shaped distribution.
From the edge of the container to the center, the magnetic
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induction intensity first increases and then decreases,
which is symmetrical about the axis. Its value reaches a
maximum of approximately 35 mm from the center. On the
surface with a height of 0 mm, the maximum value of the
magnetic induction intensity is about 200 mT. The differ-
ence between the magnetic induction intensity at the center
and the maximum value is the largest, about 110 mT. With
increasing height, the peak of magnetic induction intensity
decreases, and the difference between the peak and valley
of the magnetic induction intensity decreases.

The cross-sectional magnetic induction intensity in the
vertical direction shown in Fig. 5 presents a symmetrical
distribution that first increases and then decreases from the
center to the outside. To simplify the problem, the mag-
netic field of each surface can be divided into a series of
concentric rings. When the height from the bottom wall
of the container is less than 6 mm, the difference between
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the maximum magnetic induction intensity and the central
magnetic induction intensity is significant. Therefore, the
region between the two values is divided into four rings, and
the other regions are divided into two rings, for a total of 6

Fig.6 The division of the mag-
netic field

Table 4 Zoning data for fluid
simulation

B
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I 160.0
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areas. When the height is greater than 6 mm, the difference
in the central area is slight, and the magnetic field is evenly
divided into six rings. The magnetic field divisions at heights
of 0 mm and 9 mm are shown in Fig. 6a and b. The entire

(b) The magnetic field intensity at 9mm
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(€) Regions of magnetorh (d) viscosity at different magnetic field intensity
Layerno  Parameters Ringl Ring2 Ring3 Ring4 Ring5 Ring6
1 Lower surface radius (mm) 120-70 70-44 44-40  40-32 32-16 16-0
Upper surface radius (mm) 120-86 86-58 58-40 4020  20-12 12-0
Average intensity (mT) 20 57 104 133.5 96.5 86.5
2 Lower surface radius (mm) 120-86 86-58 58-40 40-20 20-12 12-0
Upper surface radius (mm) 120-80 80-52 52-40  40-20  20-8 8-0
Average intensity (mT) 16.5 42 84 107.5 90 84
3 Lower surface radius (mm) 120-80 80-52 52-40 40-20 20-8 8-0
Upper surface radius (mm) 120-104  104-80  80-64  64-52  52-46 460
Average intensity (mT) 13.5 34 61.5 71.5 82 86.5
4 Lower surface radius (mm) 120-104 104-80 80-64 64-52 52-46 460
Upper surface radius (mm) 120-108 108-80  80-68  68-56 5644  44-0
Average intensity (mT) 8.5 24 36.5 52 67 83.5
5 Lower surface radius (mm) 120-108 108-80 80-68 68-56 5644 44-0
Upper surface radius (mm) 120-102  102-80  80-62  62-56 5642 420
Average intensity (mT) 7.5 19 31.5 45.5 61 74.5
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magnetorheological fluid zone is divided into five layers,
each layer is divided into six rings, and each zone resembles
a frustum. The overall division is shown in Fig. 6¢c. Each
zone’s average magnetic induction intensity between two
surfaces with a distance of 3 mm in the vertical direction is
calculated as the actual magnetic field in that zone. The ring
diameter and average magnetic induction intensity of each
zone are shown in Table 4.

The relationship between the viscosity and the magnetic
induction intensity is shown in Fig. 6d. With increasing
magnetic induction intensity, the viscosity of the magne-
torheological preparation fluid increases, but the growth
rate decreases. Studies have shown that when the magnetic
induction intensity is sufficiently large, the viscosity of the
magnetorheological preparation fluid infinitely approaches
a constant value. The off-state viscosity of the rheological
fluid is 0.13 Pa-s. When the magnetic induction intensity
is 140 mT, the fluid viscosity curve does not show a clear
flattening trend, indicating that the magnetic field saturation
has not been reached. However, since the maximum mag-
netic induction intensity of the zone in this study is 133.5
mT, it is unnecessary to continue increasing the magnetic
induction intensity. The corresponding fluid viscosity can be
obtained for the average magnetic induction intensity listed
in Table 4. A fluid simulation model with variable viscosity
under the influence of a magnetic field can be established
by assigning the viscosity value to the fluid in each zone.

3.2 Material removal rate of the tool edge
3.2.1 Simulation results

Theoretically, the viscosity of the MR fluid increases with the
increasing magnetic induction intensity, and the shear force on
the cutting edge also increases, which can improve the prepa-
ration efficiency. Consequently, we placed the tool edge in a
position with a larger magnetic induction intensity, as shown
in Fig. 7, to obtain a significant change in edge shape in a
shorter experimental time. Employing the established variable

Fig. 7 Flow field simulation
diagram

viscosity model, the flow field of the MR fluid in the grinding
basin is simulated. The inlet flow rate is 10 m/s, and the cut-
ting tool rotates counterclockwise at 360 r/min.

Taking the intersection of the rotation center axis and the
tool edge as point o, an observation point is established every
1.5 mm, and the distribution of 6 observation points is shown in
Fig. 7. Every 360 degrees of rotation is a cycle, and each point’s
dynamic pressure and relative velocity values at different angles
are extracted. The P,V fitting curves are shown in Fig. 8.

Considering the effect of the magnetic field on the vis-
cosity, the fluid flow velocity decreases significantly with
increasing viscosity. From point a to point f, the differ-
ence between the average relative velocity and linear speed
continues to increase, reflecting the increasing trend of the
fluid flow velocity. However, there is no strict quantitative
relationship between the increase in relative velocity and
the increase in linear velocity, indicating no clear pattern
to follow for the increase in liquid flow rate. In a cycle, the
P,V value of each point does not change much, and the fit-
ted curve is relatively flat. But when the rotation angle is
about 240°, the value has a clear downward trend, mainly
due to the lower relative velocity at this location. The further
away from the center of rotation, the larger the P,V value.
It is primarily because the relative velocity of the observa-
tion points increases as the distance from the center of rota-
tion increases, while the hydrodynamic pressure does not
fluctuate much. At this time, the relative velocity becomes
the decisive factor affecting the material removal rate of the
cutting-edge preparation. The shaded area is the value of
a single cycle for a point. Assuming that the fitting curve
expression is f{x), the area can be obtained by Eq. (5).

2
2oy = [ f00d ®)

When the Preston coefficient and preparation time are
the same, a larger P,V value indicates a higher material
removal rate. Therefore, when the tool is installed accord-
ing to the position shown in Fig. 8, the material removal
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Fig. 8 The fitting curve of the 240y - 0
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Table 5 Parameters of preparation experiment

Speed (1/ Tool mate-  Abrasive Solid-liquid Preparation
min) rial materials ratio time (min)
360 Cemented  Diamond 4:9 60

carbide powder

(K30) W100

rate of each point on the cutting edge is different and
gradually increases from point a to point f. At this time,
the prepared cutting edge has non-uniform characteristics.

3.2.2 Experimental verification

The preparation experiments of cemented carbide cutting
tools were carried out using the developed magnetorheologi-
cal device to verify the simulation results. The parameters

Fig.9 Topography of cutting
edge before and after prepara-
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of the preparation experiment are shown in Table 5. The
prepared tool edge was measured with a Keyence VK-X100
laser scanning confocal microscope (LSCM).

Before and after the preparation, the cutting edge was
measured. Since the installation center is the symmetry center
of the theoretical wedge angle during tool measurement, the
maximum value of the relative height data on the cutting-edge
section is extracted as the middle point. The transition points
are identified using the approach presented in the literature
[28]. Then, several height values on the left and right sides are
taken as the input for edge fitting. MATLAB was employed to
denoise and fit the cutting-edge height data, and the radius of
the round cutting edge was obtained. The topography of the
cutting edge before and after preparation is shown in Fig. 9.
The comparison of cutting-edge profiles is shown in Fig. 10.

The edge radius change can be used as the evaluation
index for the preparation effect. The real removal rate of
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materials from point a to point f during the experiment
can be obtained through precise measurement and data
post-processing.

Figure 11 shows the P,V variation curve obtained by
simulation and the edge radius variation curve obtained by
experiment. From point a to point f, the radius of the cutting
edge increases gradually, and the material removal rate of the
cutting edge shows an increasing trend, which is consistent
with the variation of P,;V. According to the Preston equation,
when the MR fluid and preparation time are the same, the
removal of cutting-edge material is determined by the product
of hydrodynamic pressure and relative velocity. Therefore, the
experimental results verify the correctness of the simulation.
The maximum change in the cutting-edge radius is used to
characterize the cutting-edge removal rate, and the Preston
coefficient of the magnetorheological fluid under the process
conditions can be calculated. From point a to point f, the K
value fluctuates slightly, the minimum value is 3.55E-15 m%/
N, and the maximum value is 4.16E-15 m?/N, which appear
at points b and e respectively. However, the standard deviation
of K is about 2.01E-16 m*N, and the average value of K is
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Relative position(pm)

3.91E-15 m%N, which is smaller than the values measured
in other studies [29, 30]. It may be due to the lower relative
rotational speed and the smaller magnetic induction intensity.
A smaller value of K means that the removal efficiency of
preparation is low. Consequently, to increase the cutting-edge
material removal rate in practical applications, increasing
the rotational speed of the cutter bar may be considered.
Alternatively, a preparation process combining brush and
magnetorheological approach can be used to achieve low-
damage customized removal to ensure preparation efficiency.

3.3 Effect of the installation position
on the cutting-edge material removal rate

The above study shows that in the zone with the highest
magnetic induction intensity, the tool edge’s material
removal rate increases gradually from the center of
rotation to the outside as the relative speed increases. The
prepared edge radius shows a non-uniform “small to large”
characteristic. To investigate the distribution of the removal
rate in the rest zones, the tools were placed at different
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positions in the plane of 2 mm and 7 mm from the bottom
of the grinding basin. The simulation study of the P,V value

was conducted, and the results are shown in Fig. 12.

The P,V values from the center of rotation outward at
different positions show a gradually increasing trend, but in
zones I and VI near the basin wall, the changes in the P,V
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values are complex. As zone VI is close to the outlet, the
fluctuation range of the P,V value is more obvious than that

of zones I. It shows that the average value of P,V from point a

to f does not show apparent regularity due to the complex flow
state of the wall effect, and the P,V fluctuates greatly when
each point rotates to different angles. Therefore, placing the
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tool close to the basin wall should be avoided when preparing
the tool edge. In the zone away from the wall, the P,V value
at each point shows a linear change, and the changing trend
is consistent with the evolution of the rotation speed of each
point, indicating that the relative speed plays a decisive role.

When the left and right positions are the same, the further
away from the basin floor, the smaller the P,V value as the
magnetic induction intensity decreases. Bingham fluid shear
is weakened, and edge material removal efficiency is reduced.
However, at the height of 7 mm from the bottom surface, the
standard deviation of P,V values from points a to f at different
rotation angles in zones II-V is smaller than that at the height
of 2 mm, reflecting better uniformity of the flow field here. At
the height of 2 mm from the bottom surface, the mean value
of P,V at each point in zone IV is the smallest, and the mean
value of P,V at each point in zone III is the largest, with the
latter being 1.11-1.17 times that of the former. The P,V values
of a to f in regions II-V have a strong linear relationship, but
the slopes of the fitted straight lines are slightly different. The
slope of zone 3 is the largest, and the slope of zone 4 is the
smallest. The fluid viscosity in region III and region IV is the
same, but region III is closer to the inlet than region IV, and its
removal rate is greater than that of the latter. The cutting-edge
material removal rate is not simply proportional to the viscos-
ity. The distance between the cutting edge and the magnetic
field generator should be minimized to improve the material
removal rate when using the presented approach to prepare
the cutting edge. At the same time, the edge material removal
efficiency and distribution characteristics are influenced by the
tool bar rotation speed in addition to the position of the tool
in the basin. The preparation requirements for non-uniform
edges can be met for particular edges by adjusting the tool-
mounting angle and position in the basin.

4 Conclusion

(1). The differential removal mechanism of cutting-edge mate-
rial based on magnetorheological finishing is discussed,
and the feasibility of achieving non-uniform preparation
of cutting edge is verified by simulation and experimental.
It provides a simple, low-cost method for accurate and
low-damage preparation of non-uniform edges.

(2). A magnetorheological preparation device was built,
and the structure of the grinding basin was opti-
mized. The round-shaped basin with different sides
and height openings was employed to reduce the low-
speed flow region and facilitate the adequate flow of
magnetorheological fluid.

(3). The magnetic induction intensity distribution law is
studied, and the results show that the magnetic induc-
tion intensity has an “M” shape distribution. From
the edge to the center of the container, the magnetic
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induction intensity first increases and then decreases
and is symmetric around the axis. The magnetic
induction intensity reaches a maximum at about
35 mm from the center. With increasing height, the
magnetic induction intensity’s peak decreases, and the
magnetic induction intensity’s peak-valley difference
decreases. The flow field simulation model with vari-
able viscosity is established, which helps achieve a
high-precision flow field simulation.

(4). The flow field simulation shows that in the zone with
the largest fluid viscosity, the P,V value of each point
on the cutting-edge increases with increasing rotation
speed, and the edge material removal rate is non-uni-
form. The fitted cutting-edge radius change value is
used to characterize the cutting-edge removal amount,
and the Preston coefficient can also be calculated. It
provides a basis for studying the material removal
law of similar magnetorheological preparation fluids.
However, due to the limitation of container size and
rotation speed, the material removal rate is relatively
low and equipment optimization and process improve-
ment can be considered later to improve the material
removal rate.

(5). P,V of the tool located in the different zones were stud-
ied. The results showed that the edge material removal
efficiency and distribution characteristics were affected
by the rotation speed of the tool and related to the posi-
tion in the basin. In this paper, the cutting edge’s mate-
rial removal rate increases gradually from the center
of rotation to the outside, and the radius of the pre-
pared cutting-edge changes from “small to large.” By
redesigning the cutter bar clamping mechanism and
adjusting the tool installation position, it is possible to
prepare non-uniform edges such as “large to small” and
“large in the middle and small at the ends.”
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